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1
HIGH-SPEED CLOCKED COMPARATOR
AND METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to comparators and more
particularly to a high-speed clocked comparator circuit.

2. Description of Related Art

Persons of ordinary skill in the art understand terms and
basic concepts related to microelectronics that are used in this
disclosure, such as PMOS (p-channel metal-oxide semicon-
ductor) transistor, NMOS (p-channel metal-oxide semicon-

ductor) transistor, “gate,” “source,” “drain,” “voltage,” “cur-
rent,” “circuit,” “circuit node,” “power supply,” “ground,”
“differential pair,” “pseudo-differential pair,” “clock,” “com-
parator,” “clock,” “inverter,” and “latch”. Terms and basic

concepts like these are apparent from prior art documents,
e.g. text books such as “Design of Analog CMOS Integrated
Circuits” by Behzad Razavi, McGraw-Hill (ISBN 0-07-
118839-8), and thus will not be explained in detail here.

A clocked comparator is an apparatus for detecting a sign
of a differential signal in accordance with a timing signal
defined by a clock. A differential signal comprises a first end
and a second end. A clocked comparator receives the differ-
ential signal and outputs a logical decision in accordance with
the timing signal. In a phase of'the clock, alevel of the firstend
(of the differential signal) is compared with a level of the
second end (of the differential signal), and the logical deci-
sion (which is a resolution as a result of the comparison) is
made. The logical decision is set to “high” (“low”) if the level
of the first end is higher (lower) than the level of the second
end. Merits of a clocked comparator are usually reckoned by
two factors: speed and power consumption. Speed of a
clocked comparator refers to how fast it can resolve a small
differential signal, where a level of the first end is very close
to a level of the second end. The power consumption of a
clocked comparator refers to the energy it takes to fulfill the
comparison function. In reality, there is a trade-off between
the speed and the power consumption. As known in prior art,
it takes a longer time to resolve a comparison for a small
differential signal than for a large differential signal. There-
fore, to achieve high speed, a pre-amplifier is usually used, so
as to amplity the differential signal and thus facilitate the task
of resolving the comparison. A pre-amplifier, however,
increases the power consumption.

BRIEF SUMMARY OF THIS INVENTION

An objective of this present invention is to have a compara-
tor having a high speed and low power consumption.

Another objective of this present invention is to enable a
comparator to rapidly resolve a comparison between two
signals and then shut itself off to save power after the com-
parison is resolved.

In an embodiment, a circuit comprises: a voltage-to-cur-
rent converter for receiving a first voltage and a second volt-
age and outputting a first current and a second current in
accordance with a clock signal; a first self-gated cascode
circuit for receiving the first current and outputting a third
current in accordance with the clock signal; a second self-
gated cascode circuit for receiving the second current and
outputting a fourth current in accordance with the clock sig-
nal; and a latch circuit for receiving the third current and the
fourth current and establishing a third voltage and a fourth
voltage representing a resolution of a comparison between
the third current and the fourth current, wherein the first
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2

self-gated cascode circuit is conditionally shut off depending
on a level of the third voltage, and the second self-gated
cascode circuit is conditionally shut off depending on a level
of the fourth voltage. In an embodiment, the first self-gated
cascode circuit comprises an internal feedback loop. In an
embodiment, the first self-gated cascode circuit comprises an
internal feedback loop comprising a cascode device gated by
a first internal voltage for passing the first current to the third
current for the latch circuit to establish the third voltage; an
activation switch controlled by the clock signal for coupling
the third voltage to a second internal voltage; and an inverter
for receiving the second internal voltage and outputting the
first internal voltage. A replica of the first self-gated cascode
circuit is used for embodying the second self-gated cascode
circuit, with the roles of the first current, the third current, and
the third voltage being replaced by those of the second cur-
rent, the fourth current, and the fourth voltage, respectively.

In an embodiment, a method comprises: receiving a first
voltage and a second voltage; receiving a clock signal com-
prising a first phase and a second phase; in the first phase,
presetting a voltage-to-current converter, a first self-gated
cascode circuit, and a second self-gated cascode circuit to a
standby state; and in the second phase, converting the first
voltage and the second voltage into a first current and a second
current using the voltage-to-current converter, passing the
first current and the second current to a latch circuit through
the first self-gated cascode circuit and the second self-gated
cascode circuit, respectively, wherein a comparison between
the first current and the second current is resolved by the latch
circuit and one of the first self-gated cascode circuit and the
second self-gated cascode circuit is automatically shut off in
accordance with a resolution of the comparison.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a functional block diagram of a clocked
comparator in accordance with an embodiment of the present
invention.

FIG. 1B shows a timing diagram of the clock signal for the
clocked comparator of FIG. 1A.

FIG. 2 shows a schematic diagram of a voltage-to-current
converter suitable for use in the clocked comparator of FIG.
1A.

FIG. 3 shows a schematic diagram of a self-gated cascode
circuit suitable for use in the clocked comparator of FIG. 1A.

FIG. 4 shows a schematic diagram of a latch circuit suitable
for use in the clocked comparator of FIG. 1A.

DETAILED DESCRIPTION OF THIS INVENTION

The present invention relates to comparator. While the
specification describes several example embodiments of the
invention considered favorable modes of practicing the inven-
tion, it should be understood that the invention can be imple-
mented in many ways and is not limited to the particular
examples described below or to the particular manner in
which any features of such examples are implemented. In
other instances, well-known details are not shown or
described to avoid obscuring aspects of the invention.

Throughout this disclosure: “VDD” denotes a power sup-
ply circuit node (or simply power supply node); a logical
signal is a signal that is either “high” or “low”; it is said to be
“high” when the logical signal is of a high voltage level that is
equal to a voltage level of a power supply node (which is
denoted by VDD in this disclosure); and it is said to be “low”
when the logical signal is of a low voltage level that is equal
to a voltage level of a ground node. It should be understood
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that, in this disclosure, “equal to” is stated in an engineering
sense. For example, if a difference between a first voltage A
and a second voltage B is smaller than a specified tolerance of
interest, the difference is deemed negligible and as a result the
first voltage A is said to be equal to the second voltage B in the
engineering sense (i.e., for practical purposes). Likewise,
“zero” in this disclosure is also stated in an engineering sense;
for example, if a current is smaller than a specified tolerance
of interest, the current is negligible and as a result is said to be
zero in the engineering sense. In addition, a logical signal
might be temporarily neither “high” nor “low”; this occurs,
for instance, when the logical signal is in a process of transi-
tioning from “high” to “low” or from “low” to “high,” orin a
process of resolving a decision. However, the logical signal is
still said to be “logical” in nature because the process of
transitioning or resolving is only temporary.

A functional block diagram of a clocked comparator 100 in
accordance with an embodiment of the present invention is
shown in FIG. 1A. Clocked comparator 100 comprises: a
voltage-to-current converter 110 for receiving a first voltage
V1 and a second voltage V2 and outputting a first current 11
and a second current 12 in accordance with a timing defined
by a clock signal CLK; a first self-gated cascode circuit 120
for receiving the first current I1 and outputting a third current
13 in accordance with a timing defined by the clock signal
CLK; a second self-gated cascode circuit 130 for receiving
the second current 12 and outputting a fourth current 14 in
accordance with a timing defined by the clock signal CLK;
and alatch circuit 140 for receiving the third current 13 and the
fourth current 14 and establishing a third voltage V3 and a
fourth voltage V4. Here, the clock signal CLK is a cyclic
voltage signal that cyclically toggles between a low level
(which is usually a ground level) and a high level (which is
usually a power supply level).

In addition, the clock signal CLK includes a first clock
CK1 and a second clock CK2 that is a complementary (i.e.,
logically inverted) clock of the first clock CK1, as depicted in
an exemplary timing diagram shown in FIG. 1B. The clock
signal CLK defines a phase of the clocked comparator 100;
when CK1 is low and CK2 is high (e.g. region 181), the
clocked comparator 100 is in a preset phase where voltages at
certain circuit nodes within the clocked comparator 100 are
preset to certain levels; when CK1 is high and CK2 is low
(e.g. region 182), the clocked comparator 100 is in an active
phase where a task of comparison takes place. Voltage-to-
current converter 110 starts a voltage-to-current conversion
when the clocked comparator 100 enters the active phase (i.e.
CK1 toggles from low to high and CK2 toggles from high to
low). As a result of the voltage-to-current conversion, the first
current I1 and the second current 12 are generated so that a
difference between the first current I1 and the second current
12 represents a difference between the first voltage V1 and the
second voltage V2; the first current 11 and the second current
12 are passed to the latch circuit 140 via the first self-gated
cascode circuit 120 and the second self-gated cascode circuit
130, respectively, and become the third current 13 and the
fourth current 14, respectively; and the latch circuit 140 con-
verts the third current I3 and the fourth current 14 into the third
voltage V3 and the fourth voltage V4 that are logical in nature
and represent a resolution of a comparison between the third
current I3 and the fourth current 4. Before the comparison is
resolved, both self-gated cascode circuits 120 and 130 are
fully turned on to maximize I3 and 14 to maximize a speed of
comparison by the latch circuit 140. After the comparison is
resolved, one of the third voltage V3 and the fourth voltage V4
swings to high while the other swings to low. The self-gated
cascode circuits 120 (130) senses a level of the third (fourth)
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voltage V3 (V4) and conditionally shuts itself off to ensure
that the third (fourth) current 13 (14) is zero after the compari-
son is resolved. (As mentioned earlier, “zero” here is stated in
an engineering sense; for instance, the third current 13 is said
to be zero if it is smaller than 1 nA in an embodiment of this
present invention.) Therefore, the clocked comparator 100
can achieve both high speed and low power consumption.

A schematic diagram of a voltage-to-current converter 200
suitable for embodying voltage-to-current converter 110 of
FIG. 1A is shown in FIG. 2. Voltage-to-current converter 200
comprises: a differential pair 220 comprising NMOS transis-
tors 221 and 222 for receiving the first voltage V1 and the
second voltage V2 and outputting intermediate voltages VX1
and VX2, respectively; and a pseudo-differential pair 230
comprising PMOS transistors 231 and 232 for receiving the
intermediate voltages VX1 and VX2 and outputting the first
current I1 and the second current 12, respectively. Voltage-to-
current converter 200 further comprises: an activation switch
210 comprising NMOS transistor 211; and a pull-up circuit
240 comprising PMOS transistors 241 and 242. The differ-
ential pair 220 can fulfill an amplification function by causing
a difference between VX1 and VX2 greater than a difference
between V1 and V2; the amplification function is activated
when CK1 is high and deactivated when CK1 is low. The
pseudo-differential pair 230 converts the intermediate volt-
ages VX1 and VX2 into the first current 11 and the second
current 12. When CK1 is low, the voltage-to-current converter
200 is in the preset phase, during which the activation switch
210 is turned off, the intermediate voltages VX1 and VX2 are
pulled high by the pull-up circuit 240, and consequently the
first current 11 and the second current 12 are turned off. When
CK1 is high, the voltage-to-current converter 200 is in the
active phase, during which the activation switch 210 is turned
on, the intermediate voltages VX1 and VX2 are pulled down
by NMOS transistors 221 and 222 separately at rates deter-
mined by V1 and V2, respectively, and as a result the first
current I1 and the second current 12 are generated so that a
difference between I1 and 12 represents a difference between
VX1 and VX2, and therefore also represents a difference
between V1 and V2.

A schematic diagram of a self-gated cascode circuit 300
suitable for embodying the self-gated cascode circuit 120 of
FIG. 1A is shown in FIG. 3. Self-gated cascode circuit 300
comprises a feedback loop comprising a cascode device 310
(comprising PMOS transistor 311) for receiving the first cur-
rent I1 and outputting the third current I3 in accordance with
a control by a first internal voltage VY, an activation switch
340 (comprising NMOS transistor 341) for coupling the third
voltage V3 to a second internal voltage VZ, and an inverter
320 for receiving the second internal voltage VZ and output-
ting the first internal voltage VY. Self-gated cascode circuit
300 further comprises a pull-up circuit 330 (comprising
PMOS transistor 331), a pull-down circuit 350 (comprising
NMOS transistor 351), and an another pull-down circuit 360
(comprising NMOS transistor 361). During the preset phase
where CK1 is low and CK2 is high, the activation switch 340
is turned off and the feedback loop is effectively broken; at the
same time, the circuit node 301 is pulled down to ground by
the pull-down circuit 360, the third voltage V3 is pulled down
to ground by the pull-down circuit 350, the second internal
voltage VZ is pulled high to VDD by the pull-up circuit 330,
and as a result the first internal voltage VY is pulled down to
ground by the inverter 320. Upon entering the active phase
where CK1 is high and CK2 is low, the first current 11 is
turned on by the voltage-to-current converter (see FIG. 2),
and the voltage at the circuit node 301 rapidly rises high
toward VDD and consequently turns on the cascode device
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310; the third current 13, which is approximately equal to the
first current I1, is sent to the latch circuit (i.e., 140 of FIG. 1A)
for a comparison to be resolved. After the comparison is
resolved by the latch circuit, the third voltage V3 is either high
or low. If V3 is high, then VZ is high, VY is low, and the
voltage at the circuit node 301 is also high; in this case, the
cascode device 310 remains turned on, but both I1 and I3 are
nearly zero, since the drain-to-source voltage of PMOS tran-
sistor 311 is nearly zero. If V3 is low, then VZ is low and VY
is high; in this case, the cascode device 310 is shut off, and as
aresult both 11 and I3 are nearly zero. In either case, once the
resolution is made, both I1 and 13 are nearly zero. This fulfills
the purpose of reducing power consumption while still allow-
ing a high speed comparison thanks to the cascode device 310
being turned on before the resolution is made and condition-
ally turned off afterward if needed.

Inverter 320 is a CMOS inverter comprising a PMOS tran-
sistor and a NMOS transistor that is well known in prior art
and thus not described in detail here.

When using the self-gated cascode circuit 300 for embody-
ing the self-gated cascode circuit 120 of FIG. 1A, areplica of
the self-gated cascode circuit 300, with 11, I3, and V3 being
replaced with 12, 14, and V4, respectively, is used for embody-
ing the self-gated cascode circuit 130 of FIG. 1A.

A schematic diagram of a latch circuit 400 suitable for
embodying the latch circuit 140 of FIG. 1A is shown in FIG.
4. The latch circuit 400 comprises: a pair of cross-coupled
NMOS transistors 411 and 412. In the preset phase where
CK2 is high, V3 and V4 are pulled down to ground, and I3 and
14 are shut off by the first self-gated cascode circuit and the
second self-gated cascode circuit, respectively. Upon enter-
ing the active phase, I3 and 14 are turned on by the first
self-gated cascode circuit and the second self-gated cascode
circuit, respectively, and the cross-coupled pair 410 resolves
adifference between 13 and 14; V3 rises to high and V4 settles
to low if I3 is greater than 14, otherwise V4 rises to high and
V3 settles to low.

The clocked comparator 100 of FIG. 1A, along with the
implementation using voltage-to-current converter 200 of
FIG. 2, self-gated cascode circuit 300 of FIG. 3, and latch
circuit 400 of FIG. 4, consumes nearly zero power in the
preset phase (i.e. CK1 is low and CK2 is high) after the circuit
nodes of interest (e.g. V3, VZ, VY, and circuit node 301 of
FIG. 3) are preset to either high or low, and also consumes
nearly zero power in the active phase (i.e. CK1 is high and
CK2 is low) after a comparison is resolved due to using a
self-gated cascode circuit. As a result, the overall power con-
sumption is low. Besides, in the preset phase, the circuit nodes
of interest are preset in a “standby” state in a way such that
transistors of interest (e.g. NMOS transistors 221 and 222 and
PMOS transistors 231 and 232 in FIG. 2, and PMOS transis-
tor 311 in FIG. 3) can react quickly upon entering the active
phase. As a result, the comparison can be quickly resolved.
Therefore, high speed and low power consumption are both
fulfilled.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A circuit comprising:

a voltage-to-current converter that receives a first voltage
and a second voltage and outputs a first current and a
second current in accordance with a clock signal;
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a first self-gated cascode circuit that receives the first cur-
rent and outputs a third current in accordance with the
clock signal;

a second self-gated cascode circuit that receives the second
current and outputs a fourth current in accordance with
the clock signal; and

a latch circuit that receives the third current and the fourth
current and establishes a third voltage and a fourth volt-
age representing a resolution of a comparison between
the third current and the fourth current, wherein the first
self-gated cascode circuit is conditionally shut off based
on a level of the third voltage, and the second self-gated
cascode circuit is conditionally shut off based on a level
of the fourth voltage.

2. The circuit of claim 1, wherein the first self-gated cas-

code circuit comprises an internal feedback loop.

3. The circuit of claim 2, wherein the internal feedback
loop comprises:

acascode device gated by a first internal voltage that passes
the first current to the third current for the latch circuit to
establish the third voltage;

anactivation switch controlled by the clock signal coupling
the third voltage to a second internal voltage; and an
inverter that receives the second internal voltage and
outputs the first internal voltage.

4. The circuit of claim 1, wherein the clock signal com-

prises a first phase and a second phase.

5. The circuit of claim 4, wherein in the first phase of the
clock signal, the voltage-to-current converter, the first self-
gated cascode circuit, and the second self-gated cascode cir-
cuit are preset to a standby state so that they do not consume
power.

6. The circuit of claim 5, wherein transistors of the voltage-
to-current converter and the first self-gated cascode circuit are
preset so that they can react quickly upon entering the second
phase.

7. A method comprising:

receiving a first voltage and a second voltage;

receiving a clock signal comprising a first phase and a
second phase;

in the first phase, presetting a voltage-to-current converter,
afirst self-gated cascode circuit, and a second self-gated
cascode circuit to a standby state;

in the second phase, converting the first voltage and the
second voltage into a first current and a second current
using the voltage-to-current converter, passing the first
current and the second current to a latch circuit through
the first self-gated cascode circuit and the second self-
gated cascode circuit, respectively, wherein a compari-
son between the first current and the second current is
resolved by the latch circuit and one of the first self-
gated cascode circuit and the second self-gated cascode
circuit is automatically shut off in accordance with a
resolution of the comparison.

8. The method of claim 7, wherein the resolution of the
comparison is represented by a third voltage and a fourth
voltage.

9. The method of claim 8, wherein the first self-gated
cascode circuit comprises a feedback loop comprising a cas-
code device gated by a first internal voltage for passing the
first current to the latch circuit to establish the third voltage;
an activation switch controlled by the clock signal for cou-
pling the third voltage to a second internal voltage; and an
inverter that receives the second internal voltage and outputs
the first internal voltage.

10. The method of claim 8, wherein the second self-gated
cascode circuit comprises a feedback loop comprising a cas-
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code device gated by a first internal voltage that passes the
second current to the latch circuit to establish the fourth
voltage; an activation switch controlled by the clock signal
coupling the fourth voltage to a second internal voltage; and
an inverter that receives the second internal voltage and out- 5
puts the first internal voltage.
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